Objective To evaluate the relation between changes the body mass index (BMI) percentile, reflected in the Atalah curve, and perinatal outcomes. Methods A cross-sectional study with 1,279 women was performed. Data regarding gestational weight, sociodemographic characteristics and perinatal outcomes were collected through medical charts, prenatal card and interviews in the postpartum period. Women could be classified according to the Atalah curve in the following categories: low weight, adequate weight, overweight, and obese. The BMI was calculated at the first and at the last prenatal care visits, and these values were compared. Results An increase in the BMI category according to the Atalah classification occurred in 19.9% of pregnant women, and an increase of 3.4, 5.8 and 6.4 points of BMI were found for women respectively classified in the adequate weight, overweight and obese categories at the first prenatal visit. Women with high school education presented a lower chance of increasing their BMI (odds ratio [OR] 0:47 [0.24-0.95]). Women who evolved with an increase in the the Atalah classification were associated with cesarean section (OR 1.97-2.28), fetal macrosomia ) and large for gestational age newborn (OR 2.88-9.83). Conclusion Pregnant women who gained enough weight to move up in their BMI classification according to the Atalah curve had a higher chance of cesarean section and macrosomia. Women classified as obese, according to the Atalah curve, at the first prenatal visit had a high chance of cesarean section and delivering a large for gestational age newborn.
Introduction
Gestational weight gain (GWG) is a hot topic due to the increase in the prevalence of adverse maternal and neonatal outcomes. [1] [2] [3] [4] [5] Some studies have shown the relation between excessive GWG and maternal gestational diabetes; hypertensive disorders, including preeclampsia; postpartum depression; preterm delivery; congenital defects; fetal macrosomia; low newborn weight, and a long-term effect on child obesity.
3,5-10
There is no pattern for nutritional recommendations during pregnancy. The information is different according to the country studied. 11 All recommendations are based on the pre-gestational weight, body mass index (BMI) or curves that evaluate the distribution of weight gain during pregnancy. In Latin America, some countries use the Atalah curve as a reference to assess the nutritional status of pregnant women, based on their BMI (Additional file 1).
12
This curve is a tool based on the intersection of BMI at the beginning of prenatal care -which can be early or late -with gestational age. The use of the BMI facilitates the understanding of nutritional assessment during pregnancy and has already been adopted by the World Health Organization, 1 has good association with the degree of adiposity and the risk of non-communicable chronic diseases, it is easy to calculate and has the advantage of not requiring a reference standard.
12-15
During pregnancy, an increase on maternal weight gain is expected; however, according to the Atalah curve, the classification is presented as excessive or insufficient GWG. When these changes occur, special health attention is required during prenatal assistance.
The aim of this study was to evaluate the intrapregnancy BMI evolution, according to a reference curve used in Latin America (Atalah curve) , and its association with perinatal outcomes.
Methods
This is an observational study with a secondary data analysis conducted based in an original cross-sectional study regarding GWG during pregnancy. This study was performed in three major hospitals in the city of Campinas, São Paulo, in the southeast of Brazil. Data collection was performed from October of 2011 to February of 2014. Potential participants were selected between 12 and 72 hours in the postpartum period. Eligibility criteria were postpartum women who lived in Campinas and had a birth at the hospital, singleton pregnancy and live newborn. Women who presented difficulty with written or verbal comprehension or had physical or psychological conditions that could interfere with comprehension and/or autonomy in the consent to participate were excluded.
16
The eligible participants were identified through a standardized medical chart. They were invited to participate in this study and signed a consent form. This study protocol received approval from the Ethical Committee of the institution under registration number 991/2011.
Target Population
Campinas is the third most populous city in state of São Paulo, with $ 1.5 million inhabitants and a mean of 15,000 deliveries per year. The sample size was based on the number of deliveries per year (single pregnancy) among Campinas residents, estimated at 14,693 in 2010. 17 For the sample size computation, the highest variability possible based on annual deliveries was calculated, resulting in p ¼ 50% (0.5), with a level of significance of 5%, sampling error of 3%, and, finally, we got to the number of n ¼ 995. The sample was divided into three major maternities, which cover 85% of hospital births in the city, according to the proportions of annual deliveries. These maternities were funded by the public health care system, supplementary health system, or both.
coletados através de prontuários, cartão pré-natal e entrevistas no pós-parto. Palavras-chave
We excluded women who had home births, because in the Southern region of Brazil the number of home births corresponds to only 0.22% of the total. 17 A sample larger than the minimum necessary was recruited to protect against possible data loss.
Data Collection
Data collection was performed at each maternity ward on pre-specified days to ensure the required sample size. At the day of data collection, all eligible and available women on postpartum period were invited to participate in the study. Data for gestational period, co-morbidities, delivery, and newborn outcomes were collected from medical records and prenatal care cards. Those women who did not have the records of the weight values at the beginning of the pregnancy and before delivery were excluded, resulting in 1,110 pregnant women (►Fig. 1).
The BMI was calculated in two moments: at the first prenatal visit and at the last prenatal visit, and the women were classified according to gestational age and to the Latin American Atalahs reference curve, with its classifications of low weight, adequate weight, overweight, and obese.
Considering that women could be classified at two different times (at the beginning of prenatal care and at the last prenatal visit) and into four categories according to the Atalah curve, a total of 16 types of classification could occur. Hypothetically, we can consider a number for each class of BMI: 1 -for low weight, 2 -for adequate weight, 3 -for overweight and 4 -for obesity. A number was attributed to each woman (in accordance with the gestational age and the BMI category on the Atalah curve). The difference between these two BMIs (at the beginning of pregnancy and at the last prenatal visit) was calculated. Those who presented no difference between the two measures were called stagnant in the curve, those with a positive difference we called increases in the curve (corresponding to an excessive gestational weight gain), and those with a negative difference were called decreased in the curve (insufficient gestational weight gain). In this sense, the two measures in the curve were evaluated in order to track each pregnant woman's BMI evolution.
Statistical Analysis
The evaluations were developed based on this classification in terms of the increased direction of the classes: low weight, adequate weigh, overweight and obesity. Among 1,110 women, 107 had a decrease in the curve. To estimate the risks, we considered only the women who had increased or remained stagnant in the curve. The quantitative variables were categorized following the values found in the literature. 3, 10, 18 To analyze some variables related to the increases in the curve, we used the odds ratio (OR), with a corresponding 95% confident interval (CI). The multivariate analysis was performed using logistic regression with stepwise criteria for variables selection. The significance level was set at 5%. All the items in the strengthening the reporting of observational studies in epidemiology (STROBE) statement for an observational study were present in this paper.
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Results
The average age of women included in this study was 27.1 AE 6.4 years old, the majority of them had a partner (93.8%) and claimed to not smoke during the pregnancy (92.3%), half of them planned the pregnancy (49.7%), was employed (54.1%) and were white skin color (47.6%).
At the first prenatal visit, the average of gestational age was 12.5 AE 5.8 weeks, and the BMI was 24.6 AE 5.00 kg/m 2 .
Also, 9.6% of the women presented hypertensive disorders and 5.5% had pre-gestational or gestational diabetes (data not show). A total of 221 women (19.9%) with increased BMI according to the Atalah classification was found. There was an increase in the BMI throughout pregnancy in 74 women with initial overweight, 110 women with initial adequate weight and 37 women with initial low weight (►Table 1).
All obese women who gained weight moderately or excessively remained in the same classification, due to the limitation of this method, because there is no upper limit. In those obese women there was an increase in BMI from 35 An average increase of 6.4 points in BMI occurred among women whose BMI had been previously classified as adequate and who presented overweight in the last measurement. The women previously classified as overweight who became obese presented an increase of 5.8 points in BMI, and the obese women presented an average increase of 3.4 points (►Table 1).
The analysis of the sociodemographic factors found that only the education level associated with an increase of BMI classification in the curve: women with only elementary school education, and those with graduation had a greater chance of increasing their classification in the curve than those women with high school education (OR 2.11 CI: 1.05-4.25 and OR 1.80 CI: 1.02-3.17 respectively) (►Table 2). Likewise, on the multivariate analysis using logistic regression with stepwise criteria for variables selection, the education level was the only variable selected, resulting in the same OR (data not shown).
The association between initial BMI and pregnancy outcome showed that women who were classified as obese at the initial prenatal visit had a higher chance of delivering by cesarean section (OR: 2. In the same way, those women first classified as overweight who increased in the curve had a higher chance of delivering by cesarean section -OR 2.28 (1.26-4.14), fetal macrosomia-OR 12.54 (2.64-59.67) and LGA babies-OR 9.83 (2.61 to 36.94) than women with stagnant classification (overweight throughout the entire prenatal period) (►Table 4).
There is no possibility of increase in the BMI classification for obese women because in the Atalah curve there is no classification after obese. Therefore, 91% of the obese women remained in the same classification and only 14 women (9%) had a decrease in their BMI classification and moved down to the overweight or adequate weight category. Even for those women who started the prenatal in the obese category (►Table 1), the ORs were not significant (data not shown).
Discussion
Our results showed an association between the increase in the BMI classification during pregnancy, according to the Atalah curve and cesarean delivery, LGA newborns and fetal macrosomia. Furthermore, women classified as obese in the first prenatal visit also had a higher chance of giving birth by cesarean section and their newborns were classified as LGA.
Other studies that address women from other ethnicities, cultures and countries also found similar results. It is widely discussed what factor would be associated with the worst prognosis for perinatal outcomes: maternal obesity or excessive weight gain during pregnancy. Currently, the trend is that both interfere negatively in perinatal outcomes.
9,20-22
Although most women maintained their BMI classification according to the Atalah curve (stagnant in the curve), around 20% of them gained weight excessively, enough to move into the next category in the curve, and this fact is important mainly because this change was associated with adverse perinatal outcomes. Overweight women were those who presented the most significant change in BMI classification, which meant to move into the obesity category. This fact, in addition to the impact on the current pregnancy, increases the risk of weight retention in the postpartum period and consequently the long-term risks caused by obesity and related comorbidities.
3,6,23
Also, overweight women get more beneficial effects of interventions such as physical activity and nutritional counseling, compared with obese women, to achieve adequate weight during prenatal care. [24] [25] [26] Thus, overweight women are those who are "on the edge," and the actions of the health care team as well as their personal motivations can be decisive for them to change their habits and consequently, their future risk.
7,24
The increase in the BMI category classification during pregnancy or excessive GWG presented the most striking results in overweight women, such as the chance of having a
LGA child. This fact should alert healthcare teams to be more attentive when laying out their recommendations to overweight women.
27,28
Obese women had obvious maternal and fetal risks, and health care teams and the women themselves pay closer attention to the weight increment. It might be a reason for some results being less significant in the obese group. However, pre-pregnancy obesity, regardless of GWG, increased the chance of caesarean section, macrosomia and LGA. 29, 30 In this context, data from this study point to the need for guidance in all pre-pregnancy BMI categories, and specially for pregnant women with overweight.
31
These results show total weight gain throughout the pregnancy. Currently, there is a concern with determining in which of the stages of pregnancy excessive weight gain occurs and whether this relates to higher risks to the fetus. It is believed that increased weight gain in the early stages of pregnancy is associated with an adverse cardio-metabolic profile in the offspring.
7
In this stream of thought, epigenetic changes could mediate the association of pre-pregnancy maternal BMI and GWG with adverse outcomes. Different epigenetic mechanisms in the early development of the fetus could affect the susceptibility to several diseases in adulthood. However, there is a lack of knowledge in human studies and the specific association of GWG in early pregnancy and DNA methylation needs further exploration. Excessive GWG in early pregnancy may be associated with increased methylation in some genes in cord blood DNA. Also, attention must be drawn to the combined effects of functional nutrition and physical exercise as metabolic reprogramming tools to control maternal weight in an attempt to optimize the health of the mother and child.
32,33
Fetal macrosomia is a factor that can increase the chance of obesity in childhood, thus keeping the vicious circle of obesity with all its consequences in the medium and long term.
34
Regarding the maternal outcomes, the increased chance of cesarean section in these groups of women goes in the opposite direction of the guidelines to increase the vaginal delivery rates, showing that it may be one of the modifiable factors in an attempt to increase the percentage of vaginal delivery.
35
The bivariate and multivariate analyses found education level as the only sociodemographic characteristic associated with the increase in BMI classification along the pregnancy. Women with high school education level showed the best results. The association of excessive weight gain with lower educational level has been found in other studies, drawing attention to the inequalities. It is difficult to standardize what is the ideal GWG for each population considering their ethnic and cultural variations. Although all guidelines have limitations, some guidance is always better than none.
31,36
37
Even the Institute of Medicine (IOM), which is responsible for one of the most used guidelines, is continuously questioned and modified because the characteristics of pregnant women, as those of any other group of people, can suffer modifications through time. However, some standardization must be provided for professionals who work directly with these women.
38
Having a standardization does not mean it will be followed, hence the importance of the orientation of the health care team, including psychological support and personal motivations. The multidisciplinary team working on women's health during the prenatal must consider that the weight gain during pregnancy, with all its positive and negative impacts, is a modifiable factor. 39, 40 There are limitations of the Atalah curve in relation to neonatal results, and for obese pregnant women the limitations are inherent in the evaluation method, which can influence the results because there is no upper limit on the curve. Pregnant women with adequate weight who are now overweight or obese, in turn, are easily identified as well as the overweight moving towards obesity; on the other hand, the obese women, even gaining weight, will remain in the same category, which cannot be accurately assessed in order for the health care professionals to provide adequate recommendations. The standardization of weight gain for obese women is still very controversial and more studies are needed to evaluate the same, but this is the method recommended by the ministry of health in Brazil. 2, 6, 8, 41 Guidelines are extremely important to support the health care professionals group linked to pregnant women and newborns, but we must consider the difficulties inherent in the personal care that the mathematical curve does not absorb, such as personal motivations and psychological support.
42,43
Weight gain during pregnancy may be reported incorrectly through no scientific information facility, another factor that shows the importance of specific knowledge of the information on prenatal care. 44 Social norms and medical evidence differ on the appropriate gestational weight gain. Social factors, such as the belief that pregnant women are allowed to put on weight, lead women to believe that weight gain should not be limited during pregnancy, and many doctors still find it difficult to clarify the weight gain limits during the different times throughout the pregnancy, making standardization and knowledge still an issue to be explored.
40
Conclusion
Women classified according to the Atalah curve as obese in the beginning of prenatal care had a higher chance of cesarean delivery and of having LGA newborns. Increase in the BMI classification according to Atalah curve is associated with macrosomia and cesarean delivery for women classified as overweight or adequate weight. Pregnant women with adequate weight who become overweight or obese, and overweight women who became obese had a higher GWG than the obese in this population. Guidelines on GWG should be given to all pregnant women because they allow them to know that they are at risk of excessive weight gain and the adverse perinatal outcomes of such. In addition, excessive weight gain during pregnancy may compromise the long-term women's health as well as the health of their children, both for the future risk of obesity and comorbidities associated with it.
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